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(57) Abstract 

Genenlly. the present invention provides a recirculating filtraUon system for use with a transpoitable '"V'^J^^^-^ 
&nt picfened anbodtewnt of the transportable recirculating miration system comprises a pump connected wWi a srt of llto. mdflw 
^s.Srto« IMS sensor. The IMS soar's outlet flow is cleaned by the filters and recirculat^ ^^^^^jn^^TJ^^^^ 
tite amier fluid stream flow. A portion of the IMS sensor's outlet flow equal to the amount of flow mt^d^fd mto Ae f"^***^ 
ftW^ fitaatioo system to maimain a constant total flow vohime through the system as the sample is being ^J^^^^^l^^^ 
«nbodiment of the present invention provides a transportable recirculating filtration system for '~««"™.8 ™J^^,^°^^ 

ionlzableSntaant subsSnce such as benzene present in which other snbsta««s may wUA ^^Jj^^^ 

fntroducing a controlled concentration of the selected ionizable contaminant into an ion moWU^r spectrMneCr (D^) •""S;,?*^^*^ 
concentradon is calculated using the Standard Addition Method. n« second pief«red embodiment of t^te 
used to caWOTte the IMS sensor by establishing which ionogram structures result from the presence 

stream. A third preferred embodiiient of the present InvenUon provides a recirculating filtration syst«n for '^^^^^^^^^'^ 
mobiUty spectrometer in gas chromatography applications. TTie transportable recirculating filtration »y»^, ""f™^ and a set of 
flltos Mid flow sensors connected to an ion mobflity specuometry sensor havmg a gas chromatograph column at Its mlet 
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PCTrtJS97/05641 

WO97/38302 

TITLE 

RECIRCULATING FILTRATION SYSTEM FOR USE WWH 
A TRANSPORTABLE ION MOBILITY SPECTROMETER 

FIELD OF THE INVENTION 

The invention relates generally to a transportable recirculating filtration system for 

use in conductiiig measurements with an ion mobiHty spectrometer (IMS), and also to a 

transportable recirculating filtration system for using a field IMS sensor m gas 

chromatography applications. 

BACKGROUND OF THE INVENTION 

U.S Patent No. 5,420,424 provides a sensor using ion mobUity spectrometry 

OMS) to detect trace concentration level species present in a sample gas stream. The 

IMS sensor disclosed in U.S. Patent No. 5.420,424 utilizes periodic electrical fields to 

separate different species of ions according to the fixncUonal dependence of their mobiUty 

with electric field strength. Ions generated in the ioniaition chamber of the IMS sensor 

are guided through an ion filter to an ion detector by an electric field known as the 

"dispersion field." This "dispersion field" is created by an asymmetriQ. periodic radio 

frequency (RF) voltage applied between a pair of closely spaced longimdinal electrodes. 

The displacement of the ions induced by the dispersion field is modified or compensated 

by a second electric field known as the "compensation field." The compensaUon field is 

created by an adjustable time independent direct current electrical potential that is applied 

between the electrodes to isolate a particular ion species for detection as a result of the 

variance m mobility between particular ion species as a function of electric field strength. 

This form of ion mobility spectrometry, known as field ion spectrometry, offers a new 

method of detecting species present at trace (parts per million to parts per trillion) 

concentration levels in a sample gas to be analyzed. 
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To avoid compromising the sensor's performance due to impurities which may be 
present in the carrier fluid stream that transports the ions through the ion filter, existing 
IMS sensor designs require connection to a filtration system to clean the carrier fluid 
stream flow prior to its introduction into the sensor. The use of a stationary filtration 
source presents a problem if the IMS sensor is to be used as a portable mstrumenl in the 
detection of atmospheric contaminants in remote locations. Existing portable filtration 
systems used with IMS devices are not compatible with the IMS design disclosed in U.S. 
Patent No. 5,420,424. The present invention solves this problem by providmg a 
recirculating filtration system for use with a transportable IMS sensor of the design 
disclosed in U.S. Patent No, 5.420,424. 

One preferred embodhnent of the present invention provides a recirculating 
filtration system for use with a transportable IMS sensor in measuring an unknown 
concentration of a selected ionizable contaminant substance present in a sample in which 
other substances may coexist. The ambient air sample containing the contaminant of 
mterest can compromise IMS performance due to the variable amount of humidity and 
trace species present m the ambient air stream. The accuracy of the sensor's concentration 
measurement can be adversely affected by charge transfer reactions which occur between 
the ionizable contaminant of interest and other ionizable species present in the ambient air 
sample. Charge transfer reactions can either enhance or diminish the net efficiency with 
which the contaminant of interest is ionized. Consequently, the sensor's apparent response 
would depend not only on the concentration of the contaminant of interest in the ambient 
air sample, but also on the concentration of other substances which contribute to its 
ionization through these charge transfer reactions. The adverse effects of charge transfer 
reactions on the IMS sensor's performance can be eliminated through the use of a 
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filtration system configuration which introduces a known concentration of the ionizable 
contaminant of interest into a fluid stream containing an unknown concentration of the 
selected contammant. This permits utilization of a measurement technique known as the 
Standard Addition Method to quantify the unknown concentration. The Staxuiard Addition 
Method compares the IMS measurement of the unknown concentration level to the known 
concentration level in a mamier that eliminates the effects of charge transfer reactions on 
the result. This embodiment of the present invention can also be used to calibrate the IMS 
sensor by establishing which ionogram structures result from the presence of a particular 
analyte in the sample stream, A known concentration of an analyte is introduced into the 
sample stream. The resulting ionogram is compared to an ionogram recorded with no 
contammants present. By comparing these spectra, a correlation can be made between the 
positions of features in the ionogram and the analyte which gives rise to these features. 

Another preferred embodiment of the present invention provides a recirculating 
filtration system for use with a transportable IMS sensor of the design disclosed in U.S. 
Patent No. 5,420,424 that is configured for use in gas chromatography applications. That 
embodiment also provides a heating device for significantly minimizmg the effects of 
adsorption taking place on the IMS sample stream inlet surface. This decreases the IMS 
sensor's response time and recovery time characteristics with regard to detecting rapidly 
changing analyte concentration levels. The device provides heating to the IMS sensor's 
sample stream inlet to increase the temperature of the sample stream inlet surface. This 
increased temperature results in less time between adsorption and desorption of the 
analyte on the sample stream inlet surface, which causes a greater portion of the overall 
analyte concentration level to be detected by the IMS sensor. This results in a significant 
reduction in the time necessary for the analyte to reach equilibrium density on the sample 
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stream inlet surface, thus decreasing the IMS sensor's response time and recovery time 
characteristics with regard to detecting rapidly changing concentration levels. The heating 
device may be optionally configured with a flow smoothing insert for reducing the 
turbulence in the fluid stream flow entering the IMS sensor's carrier stream plenum inlet. 
ISimination of this turbulence is necessary in order to prevent mixmg of the carrier and 
sample fluid streams in the ion filter; which would otherwise adversely affect the IMS 
sensor's sensitivity due to the impurities present in the sample fluid stream. Without the 
use of a flow smoothing insert, a reduction of the carrier stream flow is necessary to 
eliminate this turbulence, which in turn adversely affects the IMS sensor's sensitivity. 
This decreased sensitivity is caused by the increased amount of time requu-ed for the 
ionized substance to traverse the ion filter. Extending the time interval which ions spend 
in the ion filter allows more time for loss mechanisms (such as diffusion to the filter's 
walls and charge neutralization reactions) to attenuate the ion current which reaches the 
ion detector. The flow smoothing insert thus reduces turbulence in the carrier stream 
flow, allowing a rettim of the flow to a level that restores the IMS sensor's sensitivity. 

SUMMARY OF THE INVENTION 
Generally, the present invention provides a recirculating filtration system for use 
with a transportable ion mobility spectrometer. A first preferred embodiment of the 
transportable recirculating filtration system conq>rises a pump connected with a set of 
filters and flow sensors to an ion mobility spectrometry sensor preferably of the design 
dia:losed in U.S. Patent 5,420.424. The IMS sensor's outlet flow is cleaned by the 
filters and recirculated by the pump back into the IMS sensor as the carrier fluid stream 
flow. A portion of the IMS sensor's outlet flow equal to the amount of flow introduced 
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into the sensor is exhausted fronnk the filtration system to maintam a constant total flow 

volume through the system as the sample is being taken. 

A second preferred embodiment of tb& present mvention provides a transportable 

recirculating filtration system for measuring an unknown concentration of a selected 

ionizable contaminant substance such as benzene present in a sample fluid stream in 

which, other substances may coexist. The filtration system of this alternate preferred 

embodiment comprises a pump connected with a set of filters, flow sensors, and a 

plurality of valves to a device for introducing a controlled concentration of the selected 

ionizable contaminant into an ion mobility spectrometry sensor preferably of the design 

disclosed in U.S. Patent 5,420,424. The measurement of an unknown concentration of 

the selected contaminant preferably comprises the following steps: (1) combining the 

controlled contammant concentration with an unknown concentration of the same 

contaminant to measure the IMS sensor's response to the combined controlled and 

unknown concentrations; (2) measuring the IMS sensor's response to only the unknown 

concentration; and (3) determining this unknown concentration by comparing the 

measurement in step (1) to the measurement in step (2). This embodhnent of the present 

invention also provides a recirculating filtration system which can be used to calibrate the 

IMS sensor by establishing which ionogzam structures result from the presence of a 

particular analyte in the sample stream. A known concentration of an analyte is 

introduced into the sample stream. The resulting ionogram is compared to an ionogram 

recorded with no contaminants present. By comparing these spectra, a correlation can be 

made between the positions of features in the ionogram and the analyte which gives rise 

to these features. 
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A thiKl preferred embodiment of the present invention provides a recirculating 
filtration system for use with a tranisportable IMS sensor of the design disclosed in U.S. 
Patent No. 5,420,424 that is configured for use in gas chromatography applications. The 
gas chromatograph is preferably comprised of a multicapillary cohnnn containing a 
coating comprised of a stationary phase substance. The multicapiUary cohunn is in 
commnnication with the IMS sensor sample stream uilet for transmitting an unknown 
concentration level of at least one analyte into the IMS sample stream inlet to be 
measured by the ion mobility spectrometer. A source of carrier gas in communication 
with a sample injector entrams the analyte in the sample injector for transport into the 
multicapillary column. The analyte is soluble in the stationary phase substance such that 
transport of the analyte into the IMS sample stream inlet is delayed by a predetermined 
"retention time" interval in the multicapillary cohram. Variation in the retention time 
between different analyte species allows the IMS sensor to accurately measure the 
individual concentrations of the various analyte species since the entry of each analyte 
species into the IMS sample stream inlet will be staggered as compared to the other 
species present hi the sample stream. 

Preferably, the multicapillary column is sealed to a heated transfer line leading to 
the sample stream inlet of the IMS sensor. The transfer line is preferably maintained at a 
temperature WC - 40''C above that of the multicapillary cotamn to order to ensure that 
analyte species will not adsorb on the waUs of the transfer line instead of entering the 
sample stream inlet of the IMS sensor. The transfer Itae can be optionally configured 
with a flow smoothing insert to produce a Uunmar flow profile throughout the volume 
between the transfer line outlet end and the IMS sensor housmg upon exit of the IMS 
carrier flow stream from the flow smoothmg insert. The heating provided by the transfer 
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line also increases the tenaperatuie of the sample stream inlet surface to reduce the 
amount of time between adsorption and desoiption taking place on the surface. This 
significantly improves the ability of the IMS sensor to follow rapidly changing analyte 
concentration levels. The inlet heating device comprises a hoUow metal passageway for 
passage of a sample fluid stream from die outside environment into the sample stream 
inlet of the ion mobility spectrometer. A hollow metal housing is prefer^Iy hermetically 
welded to both the passageway inlet and outlet ends for mounting the device to the sample 
stream inlet of the ion mobility ^ectrometer using a ceramic flange. A heating element 
preferably comprised of a high resistance wire surrounds the surface of the passageway 
for electrically heatuig the passageway. A temperature control circuit controls electrical 
power input to the heating element to maintain the passageway at a substantially constant 
reference value. The temperamre control circuit comprises at least one temperamre 
measuring device, preferably an electrical resistance-measuring thermometer, attached to 
ttie surface of the passageway for measuring the temperature of die passageway. A 
temperature controller having an input electrically connected to the temperature measuring 
device and an ouq}ut electrically connected to the heating element compares the 
temperamre measured by the temperature measmring device to a predetermined reference 
value and adjusts the electrical power input to the heating element to substantially match 
the temperamre of the passageway to the reference value. 

The heated transfer line is optionally provided with a flow smoothing, device for 
decreasing the turbulence present in the fluid flow entering the IMS sensor's carrier 
stream inlet. This flow smoothing insert permits mcreasing the fluid flow rate entering 
the IMS sensor's carrier stream inlet to levels which maximize the IMS sensor's 
measurement sensitivity without causmg mixing of the sample and carrier fluid stream 
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flows. The flow smoothing element comprises an insert of porous material, preferably a 
disc- shaped metal mesh with a center opening that flts over the housing of the heating 
device, which is placed between the heating device housing and the surface of the sample 
stream uilet at a location proximate to the outlet end of the heating device. The flow 
smoothing insert fills the gap between the heating device housing and the sample stream 
inlet plenum surface, causing the velocity of the fluid stream flow entering the carrier 
stream iidet to be equalized across the outlet side of the flow smoothing element to 
eliminate flow turbulence. Preferably, the flow smoothing insert is electrically isolated 
from the IMS sample stream inlet plenum surface by a band of electrically insulating 
material placed between the insert and the IMS sample stream inlet surface. 

Other details, objects, and advantages of the present invention will become 
apparent in the following description of the presently preferred embodiments. 

BRIEF DESCRIPTION OF THE DETAILED DRAWINGS 

In the accompanying drawings, the preferred embodiments of the present invention 
and preferred methods of practicing the present invention are illustrated wherein: 

Figure 1 is a schematic fluid system diagram of a first preferred embodiment of 
the present invention which provides a recirculating filtration system for use with a 
transportable IMS sensor. 

Figure 2 is a schematic fluid system diagram of a seccmd preferred embodiment of 
the present invention providing a portable recirculating filtration system for measuring an 
unknown concentration of a selected ionizable contaminant substance when present in a 
san4>le fluid stream in which other substances may coexist. 
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Figure 3 is a schematic fluid system diagram of a third preferred embodiment of 
the present mvention which provides a recirculating filtration system for use with a 
transportable IMS sensor in gas chromatography applications. 

Figure 4 is a cross-sectional view of a preferred heatmg device for the present 
invention. 

Figure 5 is a cross-sectional view of an alternate embodiment of a heating device 
as configured with a flow smoothing insert. 

Figure 6 is a simplified representation of an IMS sensor's response time and 
recbveiy time characteristic in detecting a stepwise increase in the concentration of the 
analyte with and without heating of the ionization chamber inlet. 

Figure 7 is a graph of the temperature profile across a preferred heating device. 

Figure 8 is a graph illustrating the effect of the use of a preferred inlet heating 
device on an IMS sensor's response time and recovery time characteristic to changes in 
analyte concentration levels. 

Figure 9A shows a typical set of data collected by an IMS sensor without a flow 
smoothing insert, attached to the heating device; and 

Figure 9B shows the increased sensitivity of an IMS measurements widi a flow 
smoothing insert attached to the heating device. 

DETAILED DESCRIPnON OF THE PRESENTLY PREEERRED EMBODIMENTS 

Figure 1 shows a first preferred embodiment of the present invention, which 
provides a recirculating filtration system for use with a transpprtable IMS sensor. The 
CTibodiment shown in Figure 1 comprises a pump 21 in combmation with a set of filters 
22a and 22b in the inlet and outlet streams thereof, respectively, along with a plurality of 
flow sensors FS and flow adjustment valves 50 all in communication with an ion mobility 
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spectrometiy (IMS) sensor 10. IMS sensor 10 is preferably of the design described in 
U.S. Patent 5,420,424, the disclosure of which is incorporated herein by reference. The 
IMS sensor's outlet fluid flow stream 6 is purified and recirculated back into the IMS 
sensor 10 as the carrier fluid stream flow 7 described m U.S. Patent 5,420,424. A 
portion of the IMS sensor's outlet fluid flow stream 6 equal tp the amount of san^le fluid 
stream flow 3 introduced mto the IMS sensor 10 is removed as exhaust 8 from the 
filtration system, thereby maintaining a constant total flow rate through the system as the 
sample is being taken. The flow rates of the sample 3 and exhaust 8 fluid streams are 
typically in the range of 10 to 500 milliliters per minute, while typical carrier fluid stream 
7 flow rates are in the range of 2 to 4 liters per minute. 

Pump 21, preferably of the ASF Model No. 5010 or 7010 Oil-less Diaphragm 
Pump design, circulates fluid stream flow through the system. Filters 22a and 22b, 
preferably consisting of 100 to 500 cubic centimeters (cc) of activated charcoal combined 
with 200CC to lOOOcc of combined type 5A and 13X molecular sieve, clean the ouUet 
fluid flow stream 6 prior to recirculation back into the IMS sensor 10 as die carrier gas 7 
described in U.S. Patent 5,420.424. A plurality of flow sensors FS, preferably 
Honeywell Model AWM3000 or AWM5000 series mass flow sensors, are installed to 
measure flow rates at various points throughout the system. A plurality of flow 
adjustment valves 50. preferably Model No. SS-2MG4 valves manufacmred by Newpro. 
Inc., are adjusted to initially set the various flow rates in the system to their proper 
values. These valves 50 are then left at their mitial positions during use of the system in 
making IMS measurranents. 
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The recirculating filtration system displayed in Figure 1 will permit operation of a 
portable IMS sensor for the detection of selected atmospheric contaminants in remote 
locations. However, the accuracy of the sensor's concentration measurement can be 
adversely affected by charge transfer reactions which occur between the ionizable 
contaminant of interest and other ionizable species present in the ambient air sample. 
Figure 2 displays a second preferred embodiment of the present invention, which 
eliminates the effect of charge transfer reactions on the selected ionizable contaminant 
substance to permit accurate measurement of an unknown concentration level Cs of the 
selected contaminant m a sample fluid stream flow 3 in which other substances may 
coexist. 

The recirculating filtration system of Figure 2 is also preferably designed for use 
with the IMS sensor 10 disclosed m U.S. Patent No. 5,420,424. The filtration system of 
Figure 2 preferably comprises a permeation calibration device 20, a pump 21, a set of 
filters 22a and 22b, flow sensors FS, and two three-port two-way solenoid valves 23 and 
24 with interconMCting fluid flow passageways and flow adjustment valves 50. ^ 
Preferably, a conventional permeation calibration device 20, such as that disclosed in 
U.S. Patent Nos. 4,399,942 or 4.715,217, introduces a controlled concentration Cpd of 
the selected ionizable contaminant substance, by way of fluid stream 2, into the total flow 
4 entering the sample sitieam inlet of the IMS sensor. Fluid stream 2 passes through ^ 
permeation calibration device 20 to permit calibration of die IMS sensor 10 response to 
that expected for the ion concentration introduced, and to permit use of the Standard 
Addition Method m calculating an unknown concentration of the selected contaminant as 
measured by the IMS sensor 10. Other means of introducing a controlled concentration 
Cpd of the selected ionizable contaminant into the system that can be used are diffusion 
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vials, diffusion tubes, standards from pressurized calibration cylinders, and other methods 
such as those disclosed in Gas Mixtures: P T?n»«»tinii and Control, by Gary O. Nelson 
(1992). 

Preferably, the pwrneated fluid making up the controlled concentration Cpd 
consists of a substance such as benzene, contained in the permeation calfl>ration device 20 
in liquid form and released into the calibration fluid stream 2 in gaseous form, but the 
filtration system design shown in Figure 2 can also be ad85>ted for the use of volatile 
solids or volatile liquids having a boiling point between 40C and 125C, as well as other 
single phase gases, two-phase solid gas systems or two-phase liquid gas systems desired 
for use as the permeated fluid. In addition to the permeated fluid, the calibration stream 
2 preferably consists of an inert gas or an inert mixture of gases such as tiiat found in 
dehumidified air which has been filtered through activated charcoal. Typical permeated 
fluid emission concentrations are between 0.1 and 10 parts per million for caUbiation 
fluid stream 2 flow rates in the range of 50 to 200 mUliliters per minute. 

' Pump 21, preferably of the ASF Model No. 5010 or 7010 CMl-less Diaphragm 
Pump design, circulates flow tiirough the system. Filters 22a and 22b, which preferably 
consist of 100 to 500 cubic centimeters (cc) of activated charcoal combined with 200 to 
1000 cc of combined type 5A and 13X molecular sieve, clean the outiet fluid stream flow 
6 fioni the IMS sensor 10 prior to recirculation back into tiie IMS sensor 10 as the carrier 
fluid stream 7 described in U.S. Patent 5,420,424. A first portion of die cleaned outiet 
flow 6 not introduced into die carrier fluid stream 7 is circulated tiirough the permeation 
caUbration device 20 as the calibration stream 2 and tiien into die total flow 4 entering die 
sample stream inlet of the IMS sensor 10. A second portion of die cleaned outiet flow 6 
not introduced into tiie carrier fluid stream 7 is recirculated back into tiie total flow 4 
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entering the sample stream inlet of the IMS sensor 10 as the makeup component 5 of the 
recirculated dilution flow 9 that dilutes the sample 3 to the level necessary for 
measurement of the unknown concentration. A third portion of the cleaned outlet flow 6 
not introduced into the carrier stream 7 is removed as exhaust 8 from flie filtration system 
to maintain a constant total flow volume through the system as the sample is being taken. 
This exhaust flow 8 is equal to the amount of sample fluid stream flow 3 introduced into 
the IMS sensor 10. Sample 3 and exhaust 8 fluid stream flow rates delivered by the 
system are typically in the range of 10 to 500 milliliters per minute, while typical carrier 
fluid stream 7 flow rates are in the range of 2 to 4 liters per minute. 

A plurality of flow sensors FS, preferably Honeywell Model AWM3000 or 
AWM5000 series mass flow sensors, are installed to measure flow at various points 
throughout the system. A plurality of flow adjustment valves 50 are adjusted to mitially 
set the various flow rates in the system to their proper values. These valves 50 are then 
left at their initial positions during use of the systCTi in nuiking IMS measurements. Valve 
23, preferably of the design type LHDA1211111H manufactured by the Lee Company, 
directs the calibration fluid stream 2 from the permeation calibration device 20 into the 
total flow 4 entering the sample stream inlet of the IMS sensor 10, or out of the system 
as required. Valve 24, again preferably of the Lee LHDA1211111H design type, adjusts 
the makeup compoi^nt 5 of the recirculated dilution flow 9 such that a constant total IMS 
sample stream mlet flow 4 is maintaii^ for comparing the controlled concentration of the 
selected contaminant present in the calibration flow 2 to the unknown concentration to be 
measured m the sample 3. This constant total IMS sample stream inlet flow 4 peimits use 
of the Standard Addition Method in calculating the unknown concentration Cs from the 
known controlled concentration Cpd. A conventional IMS sensor 10 will work with the 
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system, but the preferred embodiment is designed for use with the IMS sensor disclosed 
m U.S. Patent No. 5,420,424. 

The measurement of an unknown concentration of the selected contaminant 
preferably comprises die following steps: (1) combining the controlled contaminant 
concentration with an unknown concentration of the same contaminant to measure the 
IMS sensor's response to the combined controlled and unknown concentrations; (2) 
measuring the IMS sensor's re^nse to only the unknown concentration; and (3) 
determining this unknown concentration by comparing the measurement in step (1) to the 
measurement in step (2). 

In the first step, valve 23 is positioned to introduce controlled concentration Cpd 
into the total flow 4 entering the IMS sample stream inlet. Valve 24 is positioned to 
divert makeup flow 5 out of the system as the exhaust 8. The positioning of valve 24 
permits the sample 3 to be introduced into the total flow 4 entering the IMS sample 
stream inlet. The positioning of valve 24 in concerrt with the pre-adjustment of the valves 
SO causes the sample flow 3 to equal 10% of the total flow 4 entering the EMS sample 
stream inlet. This 10% dilution factor is necessary to dilute the unknown concentration 
of the selected contaminant in the sample 3 to a level that will ensure a linear response of 
the IMS sensor 10 to changes in the unknown concentration level, but the flow rates 
preset by the valves 50 could be adjusted to provide for other dihition factors. The IMS 
sensor 10 measures the combined signal ou^ut Stotal produced by ionization of both the 
controlled concentration Cpd aiKi the unknown concentration Cs of tte selected 
contammant. Stotal can be characterized by the equation Stota! = Spd + Ss = A*Cpd 
+ 0.1*A*Cs. A is a constant of proportionality between the electrical signal output S of 
the IMS 10 and the contaminant concentration C and is generally unknown due to its 
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dependence on charge transfer reactions. The signal ou^ut Ss produced by the unknown 
concentration Cs reflects the 10% dilution factor created by valve 24. 

In the second step, valve 23 is repositioned to direct calibration flow 2 out of the 
system. Valve 24 is repositioned to reinstate maximum malceup flow 5 bi combinatioD 
with the sample 3 as the total flow 4 entering the IMS sample stream inlet. The amount 
of increased makeup flow 5 provided by valve 24 compensates for the amount of 
calibration flow 2 redirected out of the system to keep the sample flow 3 equal to 10% of 
the total flow 4 entering the IMS sample stream inlet. The IMS sensor 10 measures the 
signal output Ss produced by ionization of only the unknown concentration Cs of the 
selected contaminant. Ss can again be characterized by the equation Ss = 0.1*A*Cs as 
described above. 

After performance of the above described measurement sequence, the uxiknown 
concentration Cs of the selected contaminant present in the sample 3 is calculated by the 
Standard Addition Method. Since the controlled concentration Cpd is known, the 
unknown contaminant concentration Cs can be readily obtained by comparing signal 
output Ss to the combined signal output Stotal. This unknown concentration Cs is 
calculated by solving the equation Cs = 10*Cpd/(R-l) where R = Stotal/Ss. Use of the 
Standard Addition Method to calculate the unknown concentration Cs corrects for the 
effects of charge transfer reactions on the IMS concentration measurement by eliminating 
the necessity of arriving at a value for generally unknown proportionality constant A. 
This calculation can be performed by means of an algorithm run on a computer processor 
by computer software programmed for this purpose that is stored on a computer-readable 
storage medium. Other means of calculating the unknown contaminant concentration Cs 
of the selected contaminant are also possible, such as use of an electronic integrated 
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differential amplifier circuit, an analog or a combined analog and digital con^)arison 
circuit comprised of discrete electrical and digital logic components, or other similar 
circuitry presently in the state of the art. 

The second preferred embodiment of the present invention shown in Figure 2 also 
provides a recirculating filtration system which can be used to calibrate the IMS sensor 10 
by establishmg which ionogram structures result from the presence of a particular analyte 
in the sample stream. A known concentration of an analyte is introduced into the sample 
stream 3. The resulting ionogram is compared to an ionogram recorded with no 
contaminants present. By comparing these spectra, a correlation can be made between the 
positions of features in the ionogram and the analyte which gives rise to these features. 
Calibration of the IMS sensor 10 is accomplished by introducing only the controlled 
concentration Cpd of the selected contaminant into the IMS. This allows correlating the 
compensation voltage to generate an ionogram from the measurements taken by the IMS 
sensor 10. In the calibration step, valve 23 is positioned to introduce controlled 
concentration Cpd present in the calibration fluid stream 2 into the total flow 4 entering 
the IMS sample stream inlet. Valves 23 and 24 are positioned to provide maximtun 
makeup flow 5. The lack of exhaust flow 8 out of the system prevents the entry of 
sample flow 3 into the IMS 10. The total IMS sample stream inlet flow 4 is passed 
through the IMS sensor 10 to calibrate the IMS sensor 10 output Spd. Spd can be 
characterized by the equation Spd = A'*Cpd where A* is a constant of proportionality 
similar to that described above but which has a different value due to a different 
composition of the total IMS sample stream inlet flow 4. Use of this equation allows 
comparison of Spd to the output anticipated from ionization of only the controlled 
concentration Cpd of the selected contaminant. The resulting ionogram is compared to 
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correlation can be made between the positions of features in the ionogram and the analyte 
which gives rise to these features. 

Figure 3 shows a third preferred embodunent of the present invention which 
provides a recirculating filtration system for use with a transportable IMS sensor in gas 
chromatography applications. The third preferred embodiment shown in Figure 3 again 
comprises a pump 21 in combination with filters 22a and 22b in the inlet and outlet 
streams thereof, respectively, along with a plurality of flow sensors FS and flow 
adjustment valves 50 all in communication with an IMS sensor 10. IMS sensor 10 is 
again preferably of the design described in U.S. Patent 5,420,424. The IMS sensor's 
outlet fluid flow stream 6 is again purified and recirculated back into the IMS sensor 10 
as the carrier fluid stream flow 7 described in U.S. Patent 5,420,424. A ponion of the 
outlet fluid flow stream 6 again equal to the amount of sample fluid stream flow 3 
introduced into the IMS sensor 10 is removed as exhaust 8 from the filtration system, 
thereby maintaining a constant total flow rate through the ^stem. The flow rates of the 
sample 3 and exhaust 8 fluid streams are typically in the range of 10 to 100 milliliters per 
mmute, while typical carrier fluid stream 7 flow rates are in the range of 2 to 4 liters per 
minute. 

Pump 21, again preferably of the ASF Model No. 5010 or 7010 CHI-less 
Diaphragm Pump design, circulates fluid stream flow through the system. Filters 22a and 
22b, again preferably conststmg of lOOcc to 500cc of activated charcoal combined with 
200cc to lOOOcc of combmed type 5A and 13X molecular sieve, clean the outlet fluid 
flow stream 6 prior to recirculation back into the IMS sensor 10. A plurality of flow 
sensors FS, preferably of the Hon^well Model AWM3000 design, are installed to 
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measure flow rates at various points throughout the system. A plurality of flow 
adjustment valves 50, preferably Model No. SS-2MG4 valves manufectured by Newpro, 
Inc., are adjusted to initially set the various flow rates in the system to their proper 
values. These valves 50 are tten left at their initial positions during use of the system in 
making IMS measurements. 

As shown in Figure 3» sample fluid stream flow 3 originates from a source of high 
pressure carrier gas 70 and is injected through an injection solenoid valve 71 into a gas 
chromatograph preferably comprised of a multicapillary column 72. Carrier gas 70 is 
preferably injected into the multicapillary column 72 by way of a sample injector 73 prior 
to entering the sample stream inlet of the IMS sensor 10» Due to the preferred design of 
the system, the sample fluid stream flow rate 3 through the multicapillary column 72 will 
be equal to the exhaust fluid stream flow rate 8 and is controlled by means of an 
adjustable orifice flow restrictor valve 51 located in series with valve 71 and preferably 
manufacmred by the Sibertech Company, Novosibirsk, Russia. Valve 71, which is 
preferably of the two-way three-port injection solenoid design manufactured by the 
Sibertech Company either: (i) is positioned to bypass sample injector 73 to allow pure 
carrier gas 70 to enter the IMS sensor 10 as the sample fluid stream flow 3, or alternately 
(ii) is positioned to allow the carrier gas 70 to pass through the sample injector 73 to 
entram the analyte to be processed by the IMS sensor 10. Although a multicapillary 
column design is used as the gas chromatograph in the preferred embodiment, other 
single capillary and packed column designs in the current state of the art are accq>table 
for use, so long as a means of flow and temperature control are provided similar to that 
described herein, and so long as the gas chromatograph is hermetically sealed to the 
sample stream inlet of the IMS sensor. 
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The carrier gas 70 is introduced into tbe flow system at high pressure by means of 
a conventional pressure regulator and relief valve arrangement. The preferred 
embodiment utilizes a pressure regulator and relief valve system manufactured by 
Sibertech Company. Pressure in tank «9 is reduced by the pressure regulator 68 from 
100 to 2500 psia at the outlet of tank 69 to 15 to 25 psig at head of the multicapUlary 
column 72. The carrier gas 70 is preferably inert such as pure nitrogen or it can be 
ultrapure air. The disadvantage of using nitrogen as ttie carrier gas 70 is that when the 
mstrument is first torned on some air will already be present in the IMS sensor 10 flow 
system. As the instrument operaleis, the pure nitrogen carrier gas will mbc with and 
gradually displace this air. During this period, the composition of the recirculating gas in 
the IMS sensor 10 flow system will gradually shift from air to nitrogen. However, stable 
readings cannot be achieved with the IMS sensor 10 until the composition of the 
recirculating gas for the JMS sensor 10 is stable. Thus operation witii nitrogen as tbs 
carrier gas 70 would extend die time required for die IMS sensor 10 to reach stable 
operation. Ultrapure air is tiie source of carrier gas 70 used in the preferred embodiment. 

The sample injector 73 is a hollow contsuner preferably made of metal such as 
stainless steel and having one wall which is hermetically sealed to the multicapUlary 
cohunn 72. In one configuration, a second vraU of die san^le injector 73 is comprised of 
a sqmmi mranbrane. This membrane is prefisraWy made of sUicon or odjer similar 
materials such as a Teflon-type elastomer. A gas or liquid sample to be processed by the 
IMS sensor 10 is preferably injected through die membrane by means of syringe. Since 
ti» san^le iiyector 73 is at an elevated temperature (100"C or greater), liquid samples 
quiddy vaporize otice they enter the sample injector 73 volume. In an alternate 
arrangranem, die membrane wall of the sample injector is removed and a sampling 



wo 97/38302 PCT/CS97/05641 

20 

cartridge is inserted into the injector. Once in the sample injector 73 the cartridge is 
rapidly heated, desorbing materials which have been collected on the cartridge's wire 
mesh collecting surface. In either configuration, the vapor samples present in sanq^le 
injector 73 are forced onto the multicapillary column 72 by momentarily supplying a 
pulse of carrier gas 70 to the sample injector 73 volume. The sample fluid stream flow 3 
entering the sample stream inlet of the IMS sensor 10 is thus a mixture of carrier gas 70 
entrained with unknown concentrations of one or multiple analytes to be analyzed. 
Sample fluid stream flow 3 exiting the sample injector 73 is preferably introduced at a 
rate of 10-100 ml/min and preferably between 50 and 80 ml/min into the muldcapillary 
column 72. The multicapillary column 72 is preferably a hollow bundle of glass capillary 
tubes diat contain a lining known as the stationary phase. These glass mbes range from 
^proximately 25 to 100 micrometers (um) in inner diameter (ID) and are preferably 
ai^roximateiy 40 um in ID. The stationaiy phase can be comprised of substances such as 
SE-30, SE-54 or caibowax 20M, with SE-S4 being used in the preferred embodiment. 

In operation of the system, the carrier gas 70 first passes through the sample 
injector 73 where samples of the analyte are injected in a pulse-like manner into the 
carrier gas 70 thereby giving rise to spatially separated carrier gas "slugs" containing 
various spocies of the entrained analyte. These entrained analyte carrier gas slugs are 
dien passed through the multicapillary column 72 at the carrier gas 70 flow rate. The 
molecules comprising the various analyte species present in the sample injector 73 are 
each soluble to differing extent in the stationary phase substance* Thus all the analyte 
species entraii^d in a given carrier gas slug will undergo numerous passages in and out of 
solution with the stationary phase substance as the carrier gas slug transits the length of 
the multicapillary column 72. Each analyte species of mterest will experience a transit 
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time through the multicapillary column 72 different from the other analyte species present 
in that carrier gas slug due to the differing extent to which each analyte species is soluble 
in the stationary phase. This transit tune is known as the "retention time" for that 
particular analyte species. This variation in retention tinaes allows the IMS sensor to 
achieve improved selectivity in distinguishing between the various analyte species 
entrained in the carrier gas 70 since the entry of each analyte species into the sample 
stream inlet of the IMS sensor 10 will be staggered as compared to the other species 
present in the carrier gas 70. Thus the IMS sensor 10 is required to respond to only a 
single analyte species at a time thereby preventing a degradation m the IMS measurement 
by the other species present in the analyte sample. 

The multicapillaiy column 72 is heated by a surroundmg oven and maintained 
within a selected temperamre falling within the band of 100-180**C to ensure the optimum 
retention time distribution for the various analyte species of interest. The multicapillary 
column 72 is hermetically sealed to a transfer line 74 leading .to the sample stream inlet of 
the IMS sensor 10. Transfer line 74 is preferably maintained at a temperature 10*C - 
40'*C above (and most preferably lO^C above) that of the multicapillary column 72 in 
order to ensure that analyte species will not adsorb on the walls of the transfer line 72 
instead of entering the sample stream inlet of the IMS sensor 10. 

Figure 4, shows a preferred embodiment of the heated transfer line '74. It has a 
heating element 78 of one or more sections of insulated, high resistance wire, preferably 
0.02 inch diameter tetraflouroethylene (TFE)-coated Constantan thermocouple wire, 
wound around the heated passageway of the transfer line 74 from the inlet end 75 to the 
outlet end 77 to provide electrical heating to the transfer line passageway 74. Other 
metals such as platinum that can be formed as a thin film surrounding the transfer Ime 74 
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could be used for the heating element 78. In addition, a flexible heating element 78 in 
which the thin metal film is embedded in a material such as a clear polyimide fihn, a 
fiber paper aramide, or silicon, rubber could be used. Additionally, the thin metal fihn 
heating elranent 78 could be embedded in a rigid mica shell. The heating element wires 
78 of the preferred embodiment is wound in a single or preferably a dual-helix fashion 
around the transfer line passageway 74. Preferably, the healing element wires 78 
penetrate through holes in two bonded cylindrical half sections 90 of insulating material 
such as Kel-F plastic that is embedded between metal shells 76a and 76b. Alternately, at 
least one electrical contact pin made of #2-56 stainless steel all-thread rod can be mounted 
in one or both of the half sections 90. Metal shells 76a and 76b can be welded to 
transfer Ime 74 and are preferably supported by the cylindrical half-sections 90 and O- 
rings (not shown) or other means known in the art. In the preferred embodiment, a layer 
of teflon tape 95 preferably holds the heating element wires 78 against the transfer line 
passageway 74 to improve heat transfer efficiency between the heating element wires 78 
and the transfer line passageway 74. To provide a more uniform temperature profile 
across the length of the passageway 5, the winding density (or pitch) of the heating 
element wires 78 in the preferred embodiment is increased near the heating device inlet 
end 75 and outlet end 77 where heat losses are at their maximum. 

Two wire resistance thermometers 91a and 91b, each preferably a Minco 
Thermal-Ribbon platinum resistance-measuring thermometer Model No. S651PDZ24A, 
are preferably attached to the transfer line passageway 74 to monitor the temperatore of 
the transfer line 74. Other conq>onents which could be used for the thermometers 91a 
and 91b are a thermocouple, a thermistor, and a semiconductor. The first thermometer 
91a is preferably positioned near the midpoint of the transfer line 74 while the second 



wo 97/38302 PCr/US97/05641 
" 23 

thennometer 91b is preferably positioned near the outlet end 77. The thermometers 9Ia 
and 91b are preferably connected to a temperature controller which switches power to the 
heating element section(s) 78 to maintain a substantially uniform temperature profile 
across the transfer Ifaie passageway 74. A conventional resistance-measuring temperature 
controller, such as a MINCO Model No. CT-149, preferably compares the temperature 
measured by the thermometer 91a or 91b to a selected se^oint temperature programmed 
into the temperature controller. The temperature comparison can be performed by means 
of an algorithm run on a computer processor by computer software programmed for this 
purpose that is stored on a computer-readable storage medium. Other means of 
performing the temperature comparison are also possible, such as use of an electronic 
integrated differential amplifier circuit, an analog or a combined analog and digital 
comparison circuit comprised of discrete electrical and digital logic components, or other 
similar circuitry presently in the state of the art. As shown m Figure 7, the temperature 
control circuitry in the preferred embodiment results in a stabilized temperature profile 
across the transfer line passageway 74. 

Figure 6 shows a simplified representation of the IMS sensor's response time and 
recovery time characteristic to a stepwise increase and decrease in the concentration of the 
analyte with and without heating of the IMS sensor 10 ionization chamber inlet of U.S. 
Patent No. 5.420,424 . As can be seen from Figure 6, the IMS sensor's response exhibits 
a time lag from the point Tl when the concentration is increased to the point Tp when 
the IMS sensor's response initially reaches its peak value Cp. This time lag is due to 
adsorption of the analyte on the IMS sensor ionization chamber surface as the sample 
passes from the outside environment into the IMS sensor. This adsorption results in less 
of the analyte being available for ionization and detection than is actually present in the 
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sample. The peak IMS sensor response Cp is obtained when the concentration level of 
the analyte on the IMS sensor ionization chamber surface has achieved an equilibrium 
density that corresponds to the increased concentration level of the analyte present in the 
sample. At the time Tp wbsn the equilibrium density is reached, adsorption of the 
analyte taking place on the IMS sensor's sample stream inlet surface is balanced by 
desorpdon of the analyte from the sample stream inlet so that no net adsozption of the 
analyte is occurring. This causes the full amount of the analyte entering the IMS sensor 
ionization chamber to be available for ionization and detection. 

The increase in the analyte concentration is then eliminated at a point in time T2 
very soon after the equilibrium point Tp is reached. This stepwise decrease in the 
original concentration level causes the reverse effect to take place and results in an 
additional time lag until the original analyte concentration level Co is detected by the IMS 
sensor at time To. In that case gradual release of the desoibed analyte from the IMS 
sensor ionization chamber surface results in more of the analyte being available for 
ionization and detection than is actually present in the sample. The original IMS sensor 
resp&nse Co is obtained when the concentration level of the analyte on the ionization 
chamber surface has returned to the equilibrium density corresponding to the original 
concentration level of the analyte present in the sample. The time lag in either case is 
durectly dependent on the temperature inside the IMS sensor inlet. A greater temperamre 
results in less time between adsorption and desorption taking place on the ionization 
chamber surface and a consequently smaller period of elapsed time until equilibrium is 
reached. The heating device shown in Figure 4 provides a means for increasing the 
temperature inside the IMS sensor inlet to minimize the time lag experienced in the 
detection of a change in analyte concentration level. 
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Figure 8 illustrates the effect of using a heated inlet transfer Ime 74 or 92 such as 
that shown in Figure 4 or Figure 5, respectively , on the IMS sensor's response to changes 
m anaiyte concentration levels. The use of the heated transfer Ime 74 or 92 to heat the 
IMS sensor 10 inlet to a ^ical operating temperamre (approximately 126C) causes an 
approxunately tenfold improvement m the IMS sensor's response time when compared to 
maintaining the inlet at room temperature (as indicated by the time interval from Tl to 
Tp* with use of the heated transfer line as opposed to the time interval from Tl to Tp 
without the heated transfer line installed). As can be seen from Figure 8, the IMS 
sensor's recovery thne characteristic is also improved by use of the inlet heated transfer 
Ime (as indicated by the tune mterval from T2* to To with use of the heated transfer line 
as opposed to the time interval from T2 to a point beyond the end of the graph without 
the heated transfer line installed). 

In order to prevent degradation of the IMS sensor's sensitivity, mixing of Ae 
carrier and sample fluid stream flows must be prevented as the carrier stream enten the 
IMS sensor's analytical gap from the IMS carrier su-eam plenum, as described in U.S. 
Patent No. 5,420,424. This is necessary m order to prevent unpurities present in the 
sample fluid stream from entering the analytical gap and adversely affecting the IMS 
sensor ion detector measurement. To achieve the segregation of carrier and sample 
stream flows, the amount of flow entering the IMS carrier stream plenum typically 
exceeds the portion of the carrier stream flow entering the analytical gap 25 by 1 to 1.5 
liters per minute. However, m order to prevent degradation of the sensitivity (i.e. change 
in signal amplitude per unit change m anaiyte concentration), the IMS carrier stream 
plenum flow must be on the order of 3 to 4 liters per mmute. Lowering this flow level 
results in additional time for the ions to traverse the IMS sensor analytical gap to the ion 
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detector, which permits more of the ions to migrate to the analytical gap walls due to 
diffusion or to undergo charge neutralization reactions and thus escape measurement by 
the ion detector. Use of a inlet heated transfer line 74 or 92 such as that shown in 
Figures 4 and 5» respectively, makes it difficult to prevent adegradation in the sensitiviQ^ 
of the IMS sensor's response while at the same time avoiding mixing of the carrier and 
sample stream flows, since the maximum IMS carrier stream plenum flow possible 
without causing mixing is approximately 1.8 liters per minute. Mixing is caused at 
higher carrier stream flow levels due to the turbulence created by the blunt shape of the 
heating device outlet end 77 shown in Figure 4. 

As shown in Figure 5 a flow smoothing insert 93 can be placed in the gap between 
a heated transfer line shell 76c and the inner surface of the IMS housing 11 to eliminate 
the turbulence created by the transfer line outlet end 77. The shape of the shell 76c 
reduces the gap between the IMS housing 11 inner surface and the shell 76c at the 
tmnsfer line mounting flange 79 while gradually imreasing this gap closer to the transfer 
line outlet end 77. The flow smoothing insert 93 is preferably made of a fine pitch 
stainless steel mesh shaped in the fonn of a roimd disc with a center opening concentric 
with the outer circumference of the disc. Other possible materials for the flow smoothing 
insert 93 are titanium, stainless steel, gold, nickel and other non-reactive metals having an 
mherently low vapor pressure characteristic. Other low porosity, low vapor pressure 
non-reactive, non-metallic materials such as glass, quartz, teflon and sapphire can be used 
for the flow smoothing insert 93. The flow smoothing insert 93 is preferably slipped over 
the transfer line outlet end 77 to form an interference fit with the transfer line shell 76c 
prior to mounting the heating device on the IMS sensor. When the heating device 92 is 
mounted on the IMS sensor 10 the flow smoothing msert 93 will fill the'gap between the 
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transfer line shell 76c and the IMS housing 11 inner surface at a location proximate to the 

transfer line outlet end 77. Since the surface of the transfer line shell 76c is electrically 

connected (not shown) to electrode 32 to contribute to the radial electric field created by 

&e bias potential applied to electrode 32, the flow smoothing insert 93 must be 

electrically insulated from the grounded IMS housing 11. This may be accomplished by 

placing a band 94 of electrically insulating material such as teflon between the flow 

smoothing insert 93 and the IMS housuig 11 inner surface. After the inlet heating device 

92 is mounted on the IMS sensor 10 with the flow smoothing insert 93 attached, the flow 

entering the carrier stream plenum 26 of the IMS sensor 10 will imdergo gradual volume 

expansion before being filtered through the flow smoothing insert 93. This gradual 

volume expansion in combination with the Altering will produce a laminar carrier stream 

flow proflle throughout the volume between the transfer Ime outlet end 77 and the IMS 

housing 11 upon exit of the carrier flow stream from the flow smoothing insert 93. This 

laminar flow proflle prevents the sample stream from being mixed with the portion of the 

carrier stream entering the analytical gap of the IMS sensor 10 of U.S. Patent No, 

5,420,424. This in turn will allow increasing the flow entering the carrier stream plenum 

26 so that losses in IMS sensitivity due to ion diffusion in the analytical gap are 

minimized. Figure 9B shows the increased sensitiviQ^ of the IMS sensor's response with 

the flow smoothing insert 93 attached to the heated inlet transfer line 74 or 92 as 

compared to the IMS sensor's measurements without the flow smoothing insert 93, as 

shown in Figure 9A. 

While presently preferred embodunents of practicmg the invention has been shown 
and described with particularity in connection with the accompanying drawings, the 
invention may otherwise be embodied within the scope of the following claims. 
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WHAT IS CLAIMED IS: 

1. A fluid filtration system for use with an ion mobility spectrometer* 

comprising: 

A. a pump in conununication with both an outlet and a carrier stream 
inlet of the ion mobility spectrometer for recirculating ion mobility spectrometer outlet 
fluid flow into the carrier stream inlet; 

B. at least one filter m conununication with the pump for removing 
impurities from the recirculated flow; and 

C. an exhaust for removing a portion of the outlet fluid flow from the 
system, wherein the amount of fluid removed from the system is equal to the amount of 
fluid entering a sample stream inlet of the ion mobility spectrometer. 

2. The fluid filtration system of Claim 1. wherem the ion mobility 
spectrometer is transportable when connected to the filtration system. 

3. The fluid filtration system of Claim 1, further comprising: 

A. a first filter in communication with the inlet of the pump; and 

B. a second filter in conununication with the outlet of the pump; 
wherein the filters- prevent the migration of impurities into the ion mobility spectrometer 
when the filtration system is not m use. 

4. The fluid filtration system of Claim 1, fiirdier comprising a flow restrictor 
in communication with the sample stream inlet of the a mobility spectrometer for 
controlling the amount of fluid entering the sample stream inlet. 

5. The fluid filtration system of Claim 1. further comprismg a gas 
chromatograph colunm in communication with the sample stream inlet of the ion mobility 
spectrometer. 
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6. The fluid filtration system of Claim 1, fiiither comprising: 

A. a multicapillary gas chromatograph column containing a coating 
comprised of a stationary phase substance in communication with the sample stream inlet 
for transmitting an unknown concentration level of at least one analyte into the sample 
stream inlet to be measured by the ion mobility spectrometer; 

B. a sample injector in communication with the multicapillary colimm 
for injecting the at least one analyte into the multicapillary column; and 

C. a source of carrier gas in communication with the sample injector 
for entraining the at least one analyte for transport into the multicapillary column; 

wherein the at least one analyte is soluble in the stationary phase substance such 
that transpon of the at least one analyte into the sample stream inlet will be delayed by a 
predetermined time interval in the multicapillary column prior to entering the san^>le 
stream inlet to be measured by the ion mobili^ spectrometer. 

7. The fluid fUtratipn system of Qaim 6» wherein the stationary phase 
substance is selected from the group consisting of SE-30» SE-54 and carbowax 20M. 

8. The fluid fdtration system of Claim 6, wherein the sample injector contains 
_a„seplum-membraneJorJnie(aing_the-atJMistjQne^anilyte into the carrier gas. 

9. The fluid filtration system of Claim 6, further comprising a pressure 
regulator in communication with the source of carrier gas for regulating the pressure of 
the carrier gas entering the sample injector. 

10. The fluid filtration system of Claim 6, further comprising a heated transfer 
line in communication with the multicapillary column and the sample stream inlet for 
preventing adsorption of the at least one analyte prior to entering the sample stream inlet. 
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11. The fluid filtration system of Claim 1» further comprising a transfer line for 
heating the fluid stream entering the sample stream inlet of an ion mobiliQ^ spectrometer, 
the transfer line comprising: 

A. a hollow passageway having an inlet end for receiving the fluid 
stream into the sample stream inlet; 

B. a hollow housing attached to both the passageway inlet and outlet 
ends for mounting the transfer line to the sample stream miet of the ion mobility 
spectrometer; 

C. an electrical heating element surrounding the surface of the 
passageway for heating the passageway; and 

D. a temperature control circuit for controlling electrical power input to 
the heating element, comprising: 

(i) at least one temperature measuring device attached to the 
surface of the passageway for measuring the temperature of the passageway; 

(ii) a temperamre controller having an input electrically 
connected to the temperature measuring device and an output electrically connected to the 
heating element for: * 

(a) comparing the temperature measured by the 
temperature measuring device to a predetermined reference value; and 

(b) adjusting the electrical power input to the heating 
element to substantially match the temperature of the passageway to the reference value. 
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12. The fluid filtration system of Claim 5 or 6, further comprising a transfer 
line in communication with the gas chromatograph column for heatmg a fluid stream 
entering the sample stream inlet of an ion mobility spectrometer, the transfer line 
comprising: 

A . a hollow passageway having an inlet end in communication wifli an 
outlet end for passage of a sample fluid stream from the gas chromatograph column into 

the sample stream inlet; 

B. a hollow housing attached to both the passageway inlet and outlet 
ends for mounting the transfer line to the sample stream inlet of the ion mobility 
spectrometer; 

C. an electrical heating element surrounding the surface of the 
passageway for heating the passageway; and 

D. a temperature control circuit for controlling electrical power input to 

the heating element, comprisuig: 

(i) at least one temperature measuring device attached to the 
surface of the passageway for measuring the temperature of the passageway; 

(ii) a temperature controller, haying an input electrically 
connected to the temperature measuring device and an output elecuically connected to the 
heating element for: 

(a) comparing the temperature measured by the 
temperature measuring device to a predetermined reference value; and 

(b) adjusting the electrical power mput to the heating 
element to substantially match the temperature of the passageway to the reference value. 
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13. The transfer line of Claim 11 or 12» further comprising an element for 
reducing turbulence in a flow stream entering the carrier stream inlet of the ion mobility 
spectrometer, comprising an insert of porous material placed between the transfer line 
housing and the surface of the sam|>le stream inlet at a location proximate to the outlet 
end of the transfer line, wherein the insert fills the gap between the transfer line housing 
and the sample stream mlet surface. 

14. The apparatus of Claun 1, wherem the ion mobility spectrometer 
comprises: 

A. a housmg having at least one inlet for communication with a sample 
media and at least one outlet, 

B. an analyzer positioned within the housing comprising: 

(i) at least first and second longitudinally spaced apart 
electrodes, the space between the electrodes defining a longitudinal analytical gap. the gap 
bemg in commimication with a source of carrier gas for flow therethrough, 

(ii) an ionization source juxtaposed with the analytical gap and in 
communication with the inlet for ionization of sample media, 

(iii) an ion aperture definii^ an opening "between the ionization 
source and the analytical gap, 

(iv) a third electrode positioned proxunate to the ion aperture, 

(v) at least one outlet aperture from the analytical gap remote 
from the ion aperture, 

(vi) an ion detector for measuring ions from die analytical gap 
and spaced from the electrodes, and 
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(vii) an electrical controller connected to the electrodes for 

impressing: 

(a) direct current potentials to the first, second and third 

electrodes, and 

(b) a periodic asymmetrical potential to the first and 
second electrode, the potentials capable of creating a transverse electric field therebetween 
during the flow of carrier gas in the analytical gap. 

15. A fluid filtration system for use with an ion mobility spectrometer in 
measurmg an unknown concentration level of a selected ionizable substance present in a 
sample fluid stream in which other substances may coexist, comprising: 

A. a pump in communication with an outlet and carrier and sample stream 
inlets of the ion mobility spectrometer for recirculating ion mobility spectrometer outlet 
fluid flow into the carrier and sample stream inlets; 

B. at least one filter in communication with the pump for removing impurities 
from the recirculated flow; 

C. a plurality of valves in communication with the filters and the sample 
stream inlet for mtroducing the sample fluid stream into the sample stream inlet combined 
with first and second portions of the recirculated flow not directed to the carrier stream 
inlet, wherein the valves maintain a constant flow rate into the sample stream inlet; 

D. a device in communication with the valves for introdiicing a controlled 
concentration level of the selected ionizable substance into the first portion of the 
recirculated flow not directed to the carrier stnam inlet; and 
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E. an exhaust in communication with the valves for removing from the system 
a third portion of the recirculated flow not directed to the carrier stream inlet, wherein the 
amount of fluid removed equals the amount of fluid in the sample fluid stream. 

16. The fluid filtration system of Claim 15, wherein the device in 
communication with the valves for introducing a controlled concentration level of the 
selected ionizable substance into the first portion of the recirculated flow not dhiected to 
the canier stream inlet is selected from the group consisting of a permeation calibration 
device, a diffusion vial and a pressurized calibration cylinder. 

17. A method of using the fluid filtration system of Claim 15 or 16 with an ion 
mobility spectrometer to measure an unknown concentration level of a selected ionizable 
substance present in a sample fluid stream in which other substances may coexist, 
comprising the foUowing steps: 

A. mtroducing a controlled concentration level of the selected ionizable 
substance into the first portion of ttie recirculated flow not directed to the carrier stream 
inlet; 

B. combining the sample fluid stream with both the first and second portions 
of the recirculated flow not directed to the carrier stream inlet to measure the combined * 
unknown and controlled concentration level; 

C. combining the sample fluid stream with the second portion of the 
recirculated flow not directed to the carrier stream uilet to measure the unknown 
concentration level; 

D. obtaming the unknown concentration by comparing the combined 
concentration measurement to the unknown concentration measurement. 
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18. The method of Claim 17, wherein the unknown concentration level is 
obtained by calculating the raUo of the combined concentration measurement to the 
unknown concentration measurement in accordance with the Standard Addition Method. 

19. The method of Claim 17, wherein the unknown concentration level is 
calculated by a device selected from the group consisting of computer processor, an 
electronic integrated differential amplifier circuit, an analog comparison circuit comprised 
of discrete electrical components, and a combmed analog and digital comparison circuit 
comprised of discrete electrical and digital logic components. 

20. A method of using the fluid filtration system of Claim 15 or 16 to calibrate 
an ion mobility spectrometer by combining tiie first and second portions of the 
recirculated flow not directed to the carrier stream inlet to measure the controUed 

concentration level. 

21. The fluid filtration system of Claim 15, further comprising: 

A. a first filter in communication witii tiie inlet of Ihe pump; and 

B. a second filter in communication witii tiie outlet of tiie pump; 

wherein die fUtere prevent tiie migration of impurities into tiie ion mobility spectrometer 
when tiie filtration system is not in use. 

22. The fluid filtration system of Claim 15, wherein tiie ion mobility 

spectrometer comprises: 

A. a housing having at least one inlet for communication witii a sample 

media and at least one outiet. 



B. an analyzer positioned witiiin tiie housing comprising: 
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(]) at least first and second longitudinally spaced apart 
electrodes, the space between the electrodes defining a longitudinal analytical gap, the gap 
being in connminication with a source of carrier gas for flow therethrough, 

(ii) an ionization source juxtaposed with the analytical gap and in 
communication with the inlet for ionization of sample media, 

(iii) an ion aperture definmg an oprafaig between the ionization 
source and the analytical gap, 

(iv) a third electrode positioned proximate to the ion aperture, 

(v) at least one outlet aperture from the analytical gap remote 

from the ion aperture, 

(vi) an ion detector for measuring ions from the analytical gap 

and spaced from the electrodes, and 

(vii) an electrical controller connected to the electrodes for 

impressing: 

(a) direct current potentials to the first, second and third 

electrodes, and 

(b) a periodic asymmetrical potential to ttie first and 
second electrode, the potentials capable of creatmg a transverse electric field therebetween 
during the flow of carrier gas in the analytical gap. 
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